Virulent strains of Streptococcus pyogenes containing M protein were found to adhere well to human cheek epithelial cells in vitro, whereas an avirulent M -mutant strain adhered feebly. Pretreatment of M + strains with trypsin to remove their M protein surface coating or reacting them with type-specific antiserum markedly impaired their abilities to attach to epithelial cells. Electron microscopy revealed that the attachment of an M + strain to germfree rat epithelial cells was mediated by a fuzzy surface structure previously shown to contain M protein. When mixtures of streptomycin-resistant M + and M -strains were introduced into the mouths of mice, the proportions of the M + strain increased on tongue and cheek surfaces relative to its M -mutant. These data indicate that the surface fuzz of S. pyogenes which contains M protein functions in the attachment of the organism to epithelial surfaces, thereby permitting its colonization.
Several oral streptococci, as well as Veillonella and Neisseria species, have been found to differ in their abilities to adhere to various surfaces in the mouth (3, 10, 16) . The adherence of these species to oral surfaces has been found to correlate with their proportions found indigenously (3, 10, 16) . Consequently, the specificity of bacterial adherence has been proposed as a major ecological determinant influencing colonization of the bathed mucosal surfaces of the mouth, nasopharyngeal area, and intestinal canal (3, 10, 16) . Organisms which are unable to attach to one of these freely exposed surfaces are simply washed away by bathing fluids.
These ecological concepts should be applicable to mucosal pathogens. The degree to which a pathogen adheres to a mucosal surface would be expected to influence the extent to which it can colonize and thus would be related to virulence. This report presents data which indicate that the ability of the common pathogen Streptococcus pyogenes to adhere to human oral epithelium correlates with the organism's virulence. In addition, the M protein, a surface antigen long associated with the virulence of group A streptococci, appears to function in the attachment of this organism to mucosal surfaces.
MATERIALS AND METHODS
Cultures and cultural conditions. S. pyogenes strains C203 (virulent M+ type 3) and C203S (avirulent Mmutant) were obtained from the American Type Culture Collection. Strain C203 was submitted to several intraperitoneal mouse passages to assure virulence. S. pyogenes strain STA628 (virulent M+ type 12) was obtained from Alan L. Bisno of the University of Tennessee. Beta-hemolytic streptococcal strains 2E and lOS were isolated from the pharyngeal regions of two children with acute upper-respiratory infections. These strains were serotyped at the National Communicable Disease Center as group A streptococci whose M protein was nontypable. All strains considered virulent were found to initiate fatal infections when inoculated intraperitoneally in mice. Strains were maintained by weekly transfer in tubes of Todd-Hewitt broth and on blood-agar plates. All cultures were incubated aerobically at 35 C.
Adherence of S. pyogenes to oral epithelium in vitro. The ability of S. pyogenes strains to adhere to human epithelial cells was studied using an in vitro system described previously (3) . Streptococcal cell suspensions standardized by direct microscopy count to contain 2 X 108 cells/ml were prepared from 48-hr ToddHewitt broth cultures. These were mixed with washed suspensions containing 105 human buccal mucosal cells per ml (3). The mixtures were incubated for 1 hr at 35 C in a shaking water bath. After incubation, the epithelial cells were washed free of unattached bacteria, and the mean number of bacteria attached per epithelial cell was determined by direct microscopy enumeration of 50 epithelial cells. (11) . Thin sections were cut on a Porter-Blum MT-2 microtome, mounted on uncoated grids, and stained with Reynold's lead citrate (14) . The electron micrographs were taken with a JEM lOOB electron microscope.
Relative adherence of M+ and M-strains of S. pyogenes to oral epithelium of mice in vivo. To evaluate the adherence of M+ and M-strains in vivo, methods previously described for studying the adherence of indigenous streptococci in humans (3) were modified for experimentation with mice. Strains C203 and C203S were made resistant to 2,000 ,ug of streptomycin,/ml by transfer in broth cultures containing increasing concentrations of streptomycin sulfate (3, 16) . Mixtures (Fig. 2) .
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Prior to the present investigation, the only d, is the obvious fact that the orga-proposed virulence-related function of the genst resist removal by bathing secretions erally considered nontoxic M protein of S.
etained at the site. Considering the role pyogenes has been its ability to impede phagocyonce in bacterial colonization of bathed tosis unless previously treated with type-specific (3), it has been inferred that the extent antiserum (9 However these investigators found that M -strains were cleared rapidly and were usually undetectable 24 to 48 hr after inoculation. Reinterpretation of these data, in the light of the present study, confirms the involvement of the M protein in the colonization of group A streptococci in an in vivo ecological situation closely approximating that of man.
In view of the M protein's apparent ecological function in the adherence of S. pyogenes to mucosal surfaces, it is interesting to note that virulent streptococci frequently lose the ability to produce M protein and simultaneously lose virulence and the ability to stimulate protective antibody production upon repeated laboratory culture (9, 12) where the selective pressure to adhere to a surface is removed. Surface changes of this type commonly occur upon laboratory transfer of many mucosal pathogens including pneumococci, staphylococci, Escherichia coli, Shigella, Salmonella, and Pasteurella species (19) . Therefore it is not surprising that several studies have shown virulent strains of enteric pathogens to adhere in greater numbers to the intestinal walls than avirulent strains (1, 2, 8, 13 ). However the simple, but obvious, function of adherence in influencing the organisms' colonization or tissue predilection has not been generally considered.
It is well established that type-specific immunity develops after a naturally occurring group A streptococcal infection and that the protective antibodies formed are directed against the M protein of the organism (9) . The present study has shown that type-specific antiserum directed against this surface component inhibits the adherence of virulent strains of S. pyogenes to mucosal epithelial cells. If antibodies were to exert comparable action in vivo, they would interfere with bacterial colonization. It is conceivable that part of the immune mechanism to dispose of mucosal pathogens may be due to immunoglobulin interference with bacterial adherence to epithelial surfaces. Preliminary studies in our laboratories have indicated that secretory immunoglobulins of the IgA type inhibit bacterial adherence to epithelial surfaces, thereby supporting this hypothesis (R. C. Williams and R. J. Gibbons, unpublished data).
